Introduction
In t h e s e a r c h f o r p l a n t s h a v in g a n t i t u m o r a c tiv ity ,
w e h a v e i s o l a t e d s e v e n f l a v o n o i d s f r o m t h e m e t h an o l ic e x t r a c t o f a e r i a l p a r t s o f Retam a sphaero carpa. In t h is p r e s e n t s t u d y w e r e p o r t t h e c y t o t o x i c a c t i v it y o f C13C H , A cO E t a n d B u O H e x t r a c t s a n d s e v e n f l a v o n o i d s i s o l a t e d f r o m t h e m : 6 '-m e t h o x yp s e u d o b a p t i g e n i n -7 -ß -O -g l u c o s i d e (1)
, g e n i s t i n (2), d a i d z i n (3), o r i e n t i n (4), r h a m n a z i n -3 -O -ß -D -g l u c op y r a n o s y l -( l -^5 ) -[ ß -D -a p i o f u r a n o s y l -( 1^2 ) ] -a -La r a b i n o f u r a n o s i d e (5) r h a m n a z i n -3 -O -ß -D -g l u c op y r a n o s y l -( l -^5 ) -a -L -a r a b i n o f u r a n o s i d e ( 6 ) a n d r h a m n a z i n (7), a g a i n s t t h r e e h u m a n c e ll lin e s .
In a d d i c t i o n , t h e s t r u c t u r e -a c t i v i t y r e l a t i o n s h i p o f t h e s e f l a v o n o i d s is a ls o d is c u s s e d .

Materials and Methods
P lant material
The aerial parts of R. sphaerocarpa w ere col lected at Z ah ara de la Sierra (Cadiz, Spain) in M ay 1996, during the flowering period. The identity was kindly verified by D r A. A paricio (L ab o ratory o f B otany of the Faculty of Pharmacy, U niversity o f Sevilla) and a voucher specim en was d eposited in the herbarium of this Faculty (SEV-F).
D rug tested
Flavonoids: 6'-m ethoxypseudobaptigenin-7-ß-O -glucoside (1), genistin (2), daidzin (3), orientin (4), r h a m n a z i n -3 -0 -ß -D -g l u c o p y r a n o s y l -( l -^5 ) -[ ß -D -a p i o f u r a n o s y l -( l -> 2 ) ] -a -L -a r a b in o f u r a n o s i d e (5) r h a m n a z i n -3 -0 -ß -D -g l u c o p y r a n o s y l -( l -* 5 ) -a -La r a b i n o f u r a n o s i d e (6) a n d r h a m n a z i n (7) w e r e i s o l a t e d o f a m e t h a n o l i c e x t r a c t f r o m Retama sphaer ocarpa ( L ö p e z -L ä z a r o et al., 1 9 9 8 , 19 9 9 ; M a r t m -C o r d e r o et al., 1 9 9 9 a , 1 9 9 9 b ).
The selected m ethod was the N etien-L ebreton (1964) technique, slightly m odified by L öpez-L ä zaro et al. (1998) : air-dried, pow dered aerial parts (500 g) of R. sphaerocarpa w ere extracted by soxhlet successively for 24 h with E t20 and for 48 h with M eO H . The M eO H extract was evaporated to dryness and suspended in 5 0 ml H zO, then it was extracted successively with CHC13, E tO A c and « -B u O H to yield th ree fractions CHC13 (18 g), E tO A c (9 g) and n -B uO H (54 g). The dry residues ob tain ed w ere fractionated by colum n chrom atog raphy on silicagel 60 (M erck) and Sephadex LH-20 (P harm acia), using different proportions of ethyl acetate/m ethanol/w ater and dichlorom ethane/m ethanol as solvent systems.
A ssay fo r cytotoxic activity
H um an cell lines
The following three hum an cancer cell lines w ere used in these experim ents: the hum an renal adenocarcinom a (TK-10), the hum an breast ade- (M onks et al., 1985) . TK-10, MCF-7 and UA CC-62 cell lines w ere cultured in R PM I 1640 m edium (Bio w h ittak er) containing 20% fetal calf serum , 2 mM L-glutam ine, 100 U /m l penicillin and 1 0 0 ^ig/ml streptom ycin.
A ll cell lines w ere m aintained at 37 °C in a 5% C 0 2 atm o sp h ere w ith 95% humidity. M aintenance cultures w ere passaged weekly, and the culture m edium was changed twice a w eek. A ccording to th eir grow th profiles, th e optim al plating densities of each cell lines was d eterm ined (15 x l0 3 5 x l0 3 and lOOxlO3 cell/well for TK-10, M CF-7 and UA CC-62, respectively) to ensure exponential grow th th ro u g h o u t the experim ental period and to ensure a lin ear relationship b etw een absorbance al 492 nm and cell n u m b er w hen analysed by the SR B assay.
Testing procedure and data processing
T he sulp h o rh o d am in e B (SR B ) assay was used in this study to assess grow th inhibition. This col o rim etric assay estim ates cell nu m b er indirectly by staining to tal cellular protein w ith the dye SRB (M onks et al., 1985) . For the assay, cells were d e tach ed w ith 0.1% trypsin-E D T A (Sigma) to m ake single-cell suspensions, and viable cells w ere co u n ted using a C o u lter counter and diluted with m edium to give final concentracios of 15xl04 5 x l0 4 and lOOxlO4 cells/ml for TK-10, MCF-7 and U A CC-62 respectively. 100 ^il/well of these cell suspensions w ere seeded in 96-well m icrotiter plates and in cu b ated to allow for cell attachm ent. A fte r 24 h th e cells w ere tre a te d with the serial concentratio n s o f flavonoids and extracts. They w ere initially dissolved in an am o u n t of 1 0 0 % D M SO (40 mM) and fu rth er diluted in m edium to p ro duce 5 concentration. 100 ^L/well of each con cen tratio n was a d d ed to the plates to obtain final co n cen tratio n o f 1 0 -4 , IO-5, IO-6, 1 0 -7 and 1 0 -8 m for the flavonoids and for th e positive controls genistein and etoposide, and 250, 25, 2.5, 0.25 and 0.025 ng/ml for th e extracts. The D M SO concen tratio n for th e tested dilutions was not greater than 0.25% (vol/vol), the sam e as in solvent con trol wells. The final volum e in each well was 200 Hi. The plates w ere incubated for 48 h.
Sulphorhodam ine B m ethod
A fter incubating 48 h, ad h e re n t cell cultures were fixed in situ by adding 50^1 of cold 50% (wt/ vol) trichloroacetic acid (T C A ) and incubating for 60 m inutes at 4 °C. The su p ern atan t is th e n dis carded, and the plates are w ashed five tim es with deionized w ater and dried. O ne h u n d red |il of SRB solution (0.4% wt/vol in 1% acetic acid) is added to each m icrotiter well and the culture was incubated for 30 m inutes at room tem p eratu re. U nbound SRB was rem oved by washing five tim es with 1% acetic acid. T hen the plates w ere airdried. B ound stain is solubilized w ith Tris [tris(hydroxym ethyl)am inom ethane] buffer, and th e o p ti cal densities w ere read on an au to m ated spectrophotom etric plate rea d er at a single w avelength of 492 nm.
A t the end, IC 50 values (concentrations req uired to inhibit cell grow th by 50% ), T G I (concentration resulting in to tal grow th inhibition) and LC50 (concentration causing 50% of net cell killing) w ere calculated according w ith the previously d e scribed protocols (M onk et al., 1991) . A t least two independent experim ents w ere carried o u t for each flavonoid. Table I . P ercen tag e o f the seven flavonoids iso lated from each extract. 
Results and Discussion
The results depicted in Tables II and III All the flavonoids isolated from these th ree ex tracts w ere found to possess cytotoxic activity in Table II . E x tract co n cen tratio n (jwg/ml) req u ired to in hibit cell grow th by 50% (IC 50), to produce to tal grow th inhibition (T G I) and to cause 50% of n et cell killing at least one of the th ree cell lines, being the no glycosylated flavonol, rham nazin (7), the m ost active on MCF-7 and UACC-62 cell lines, with IC 50 values of 9.7 and 17 |xm respectively. H ow ever, the most active flavonoid in th e TK-10 cell line was the isoflavone genistin (2 ) (IC 50 = 27 |im). These two flavonoids, (2) and (7), w ere the only cytotoxic tested com pounds against TK-10 cells, apart from the two used positive controls. O n the o th er hand, there are, at least, one flavonoid d e void of cytotoxic activity (IC 50>100 jxm) on TK-10, M CF-7 or UACC-62 cell lines. T herefore, they could be regarded as genuine negative indicators, testifying the specificity of the designed bioassay systems. B earing in mind the structures and IC 50 values of the isoflavones genistin (2) and daidzin (3), we can see th at (2) is m ore active th an (3) on the three studied cells lines, and the only difference is an hydroxyl group at C-5. This suggests th at the C-5 hydroxyl group in isoflavones is very im por tant for cytotoxic activity on the th ree tested cell lines. R elating to structure-activity relationship of these flavonoids heterosides are less cytotoxic on the three cell lines than the corresponding genines. Thus, the positive control genistein possesses m ore cytotoxic activity than genistin (2 ); and th e activi ties of the glycosylated flavonols (5) and (6 ) w ere very w eak com pared to the corresponding aglycon rham nazin (7). This suggests that the hydrophylic n ature of sugars, or the g reater volum e of h e te ro Table III. IC 50 Isoflavones n 6'-m ethoxypseudo b ap tig en in -7 -ß -0 -g lu cö sid e (1) 2 >100 62 >100 G enistin (2) sides, could interfere w ith drug entering through cellular m em brane. L ooking for different substitu en t groups on the flavonoid skeleton, we can o b served four m ethoxylated flavonoids, (1), (5), (6 ), (7), and the positive co n tro l etoposide. A ll of them w ere found to possess cytotoxic activity on M CF-7 cell line, and except (5), this activity was m ore pron o u n ced on this cell line than in the two oth er ones. These results indicate an appreciable degree of specificity for cytotoxic activity of m ethoxyl group against hum an adenocarcinom a cell line. O bserving Tables I, II and III we can see that the cytotoxic activity o f th e three tested extracts agree w ith th e flavonoids isolated in each extract. In this way, B u O H ex tract was the m ost cytotoxic one against M CF-7 cell line, because of the p res ence of the m ethoxilated flavonols (5), (6 ) and (7). O n TK-10 and U A CC-62 cell lines, A c O E t extract was the m ost cytotoxic, slightly higher th an C13CH extract, due to the presen ce of the isoflavone genistin (2 ) in b oth extracts, being its concentration higher in the m ost cytotoxic one. H ow ever, we could not observed total grow th inhibition (T G I) and 50% of net cell killing (L C 50) values in any studied flavonoid, at the N C I recom m ended doses, in spite of the fact th a t som e of them possesses p ronounced IC 50 values (IC 50 = 9.7 jam for rhamnazin on M CF-7 cell line).
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